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STIRRING DEVICE AND STIRRING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.
2012-208305, filed Sep. 21; and No. 2012-255721, filed Nov.
21, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a stirring device and stir-
ring method.

2. Description of the Related Art

In some tests, such as sediment, qualitative, and biochemi-
cal tests, urine samples and other specimens are stirred before
they are aliquoted and dispensed, in order to avoid the influ-
ence of precipitation of their ingredients. In general, a speci-
men is agitated manually or by using a dropper or other
rod-like tool. Also, an automatic stirring device has been
investigated that is configured to stir a specimen by sucking in
and discharging it by means of tips.

In the manual stirring method described above, a human
operator’s skill affects the stirring accuracy, thus it is difficult
to achieve a high degree of stirring accuracy. In the stirring
method based on suction and discharge, on the other hand, the
positional relationship between the tips, suction rate, and
other conditions affect the stirring accuracy, thus it is hard to
entirely accurately stir the specimen in a specimen container.

BRIEF SUMMARY OF THE INVENTION

A stirring device according to an embodiment comprises a
holder which holds a specimen container accommodating a
specimen in an upright position and a rotation mechanism
section configured to rotate the specimen container, thereby
stirring the specimen therein.

According to the embodiment, high-accuracy stirring can
be performed with a simple structure.

Advantages of the invention will be set forth in the descrip-
tion which follows, and in part will be obvious from the
description, or may be learned by practice of the invention.
Advantages of the invention may be realized and obtained by
means of the instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the general descrip-
tion given above and the detailed description of the embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 is an explanatory diagram of a specimen processing
apparatus according to a first embodiment of the invention;
and

FIG. 2 is a cutaway side view of a stirring unit according to
the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

A specimen processing apparatus 10 according to a first
embodiment of the present invention will now be described
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with reference to FIGS. 1 and 2. FIG. 1 is an explanatory
diagram of the specimen processing apparatus 10 of the
present embodiment, and FIG. 2 is a cutaway side view of a
stirring unit 30 and shows, partially in section, a frame 22 and
the like. In each of these drawings, configurations are
enlarged, reduced, or omitted as required for ease of expla-
nation. In these drawings, arrows X, Y and Z individually
indicate three orthogonal directions.

The specimen processing apparatus 10 is an apparatus that
previously stirs, distributes, and dispenses a specimen prior to
various inspection processes, and is used as, for example, a
pre-treatment unit of an analyzer. The specimen processing
apparatus 10 comprises a transport unit 20, the stirring unit
(stirrer) 30, an aliquoting/dispensing unit 40, and a control
unit 50. The transport unit 20 transports a cup 11 for use as a
specimen container along a predetermined transport path.
The stirring unit 30 is configured to rotate the transported cup
11 together with a holder 16, thereby stirring a specimen 12.
The aliquoting/dispensing unit 40 distributes the specimen 12
from the cup 11 immediately after the stirring and dispenses
it into a Spitz tube or the like. The control unit 50 controls the
operations of the individual units. Further, various processing
units are installed on the upstream and downstream sides of
the transport path, whereby the transported cup 11 or the
specimen therein is subjected to various steps of processing.

In the present embodiment, the specimen 12 is a urine
sample and the cup 11 for use as the specimen container is
cylindrical. For example, the cup 11 is an open-topped circu-
lar cylinder of paper having an internal space that accommo-
dates the urine sample. The cup 11 is tapered from top to
bottom and is supported and transported in an upright posi-
tion with its lower part fitted in a holding portion 17 of the
holder 16. Various specimen data, such as a scale 11a for
gauging the amount of the specimen, barcode 115 represen-
tative of identification data on the specimen, etc., are dis-
played on the outer peripheral surface of the cup 11. In the
present embodiment, the cup 11 has a bottom diameter of
about 30 to 100 mm, top opening diameter of 50 to 150 mm,
and height of 30 to 100 mm, for example.

As shown in FIGS. 1 and 2, the holder 16 integrally com-
prises the holding portion 17, neck portion 18, and large-
diameter turntable 19, which are coaxial with one another.
The holding portion 17 is configured to hold the outer surface
of'the lower part of the cup 11. The neck portion 18 is located
continuously with the bottom of the holding portion 17. The
turntable 19 adjoins the bottom of the neck portion 18.

The holding portion 17 is a bottomed circular cylinder the
top side of which is expanded in diameter. The holding por-
tion 17 comprises a cylindrical portion 17a and metallic outer
layer 175. The cylindrical portion 174 is a bottomed circular
cylinder of resin. The outer layer 175 covers a part of the outer
periphery of the cylindrical portion 17a. The cup 11 can be
held in a substantially vertical upright position in a circular
accommodation space, with the inner surface of the resin
cylindrical portion 174 in close contact with the outer periph-
ery of the cup 11.

The neck portion 18 is integrally molded so that it adjoins
the bottom of the holding portion 17 and protrudes continu-
ously downward from the center of the bottom of the holding
portion 17. The neck portion 18 is guided along a slit 21a
between guide rails 21 of the transport unit 20.

The turntable 19 comprises a disk portion 194 and engag-
ing portion 1956. The disk portion 19« is a resin disk that
adjoins the bottom of the neck portion 18. The engaging
portion 195 protrudes downward from the center of the disk
portion 19a. The outer peripheral surface of the disk portion
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19a is disposed in contact with that of a roller 33 and config-
ured to rotate following the roller 33 under friction.

The engaging portion 196 projects downward along the
axis of rotation and is rotatably engaged with and held by a
supporting portion 24 on a chain belt 23 of the transport unit
20.

The transport unit 20 is a chain conveyor system compris-
ing the frame 22, chain belt 23, supporting portion 24, and
transport motor, and has the function of transporting the
holder 16 along the predetermined transport path. The frame
22 comprises a pair of guide rails 21 extending along the
transport path. The chain belt 23 is disposed along the trans-
port path and moves in engagement with the holder 16 below
the guide rails 21. The supporting portion 24 supports the
holder 16 on the chain belt 23. The transport motor serves to
feed-drive the chain belt 23.

The slit 21a that defines the transport path is formed
between the pair of guide rails 21. Further, one of the guide
rails 21 comprises a window portion 215 that is formed by
partially cutting off its lateral portion where the roller 33 and
turntable 19 face each other. The roller 33 is exposed through
the window portion 215.

The turntable 19 is disposed below the pair of guide rails
21, and the holding portion 17 above the guide rails 21. The
holder 16 is anchored to the frame 22 with its neck portion 18
allowed to move guided by the slit 21a between the guide rails
21. Below the turntable 19, moreover, the engaging portion
195 is engaged with and held by the supporting portion 24 on
the chain belt 23.

The stirring unit 30 comprises a rotation mechanism sec-
tion 31 configured to rotate the holder 16 that holds the cup
11, in which the specimen 12 is accommodated, in an upright
position. The rotation mechanism section 31 comprises a
stirring motor 32 controlled by the control unit 50 and the
roller 33 connected to the motor 32 for rotation. In this
arrangement, the disk portion 194 of the holder 16 that rotates
following the rotation of the roller 33 serves as a part of the
power transmission function of the rotation mechanism sec-
tion 31.

The roller 33 is a circular cylinder of resin. The roller 33
functions as a power transmission system that is rotated by the
stirring motor 32 and rotates the disk portion 19« in contact
with its outer peripheral surface of resin.

As shown in FIG. 1, a barcode reader 34 is provided beside
the stirring unit 30. The barcode reader 34 detects the barcode
115 attached to the side of the cup 11, thereby detecting
various displayed data, in the initial stage of rotation of the
cup 11 during the stirring operation.

The aliquoting/dispensing unit 40 is located downstream
adjacent to the stirring unit 30 in the transport path. The
aliquoting/dispensing unit 40 comprises a tilting unit 41,
nozzle 42, moving arm 43, and drive unit. The tilting unit 41
tilts the cup 11 after the stirring, for example. The nozzle 42
distributes and dispenses the specimen 12 in the cup 11. The
moving arm 43 supports and activates the nozzle 42. The
drive unit actuates the moving arm 43 and nozzle 42. The
aliquoting/dispensing unit 40 operates at a predetermined
timing under the control of the control unit 50.

The tilting unit 41 comprises a pressing piece 41a capable
of advancing and retreating. The tilting unit 41 advances or
retreats the pressing piece 4la at a predetermined timing
under the control of the control unit 50, thereby pressing a
predetermined position on the side of the cup 11 to a prede-
termined angle immediately after the stirring so that the cup
11 is tilted.

The nozzle 42 is configured so that it can suck in and
discharge a predetermined amount of the specimen 12 and
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can move up and down (or advance and retreat). The nozzle
42 is movable as the moving arm 43 is operated under the
control of the control unit 50.

The following is a description of the operation of the speci-
men processing apparatus 10 according to the present
embodiment.

The transport motor is driven by the control unit 50 to run
the chain belt 23 with the holder 16 rotatably supported by the
frame 22 in the transport unit 20. As the chain belt 23 runs in
this manner, the holder 16 moves in an upright position along
the transport path.

The cups 11 are held at the predetermined intervals in the
transport path and sequentially flow as the chain belt 23 is run.
Thus, the cups 11 can be simultaneously subjected to various
steps of processing. Stirring and aliquoting/dispensing pro-
cesses will now be successively described in connection with
one of the cups 11.

When the subject cup 11 reaches the processing station of
the stirring unit 30, the control unit 50 suspends the move-
ment of the chain belt 23. Then, the roller 33 is rotated by
driving the stirring motor 32. If the roller 33 rotates with its
outer peripheral surface 33a in contact with the resin surface
of the disk portion 194 of the turntable 19, friction urges the
turntable 19 to rotate following the rotation of the roller 33.
Thereupon, the holder 16 rotates, and the cup 11 held in the
holder 16 rotates in an upright position.

By this rotation, the specimen 12 in the cup 11 is entirely
stirred. The rotational speed, time conditions, etc., are deter-
mined according to the amount of the specimen 12 and the
like, and are set so as to, for example, prevent scattering and
achieve a desired stirring accuracy. In the present embodi-
ment, the rotational speed is set to, for example, about 150 to
200 rpm.

In the present embodiment, the barcode reader 34 detects
the barcode 115 attached to the side of the cup 11, thereby
detecting the various displayed data, while the cup 11 is
rotating. Specifically, a reading operation is efficiently per-
formed by detecting the barcode 115 on the side of the stirring
cup 11 based on the rotary motion of the cup 11.

After the stirring process, the transport unit 20 is driven to
deliver the cup 11 to the aliquoting/dispensing unit 40 on the
downstream side. When the subject cup 11 reaches the pro-
cessing station of the aliquoting/dispensing unit 40, the
operation is suspended. Another cup 11 is delivered to the
stirring unit 30 and subjected to the same stirring process as
described above.

In the aliquoting/dispensing unit 40, the moving arm 43 is
driven by the control unit 50 to move the nozzle 42 to the
space just above the cup 11.

A tilting operation is performed to tilt the cup 11 such that
a predetermined portion of the cup 11 is pressed to a prede-
termined angle by the tilting unit 41 while the nozzle 42 is
moving. If the cup 11 is tilted, the specimen 12 therein col-
lects in the position of the nozzle 42 and its depth becomes so
great that it can be easily distributed.

Then, the nozzle 42 is lowered at a predetermined timing
and fitted into the tilted cup 11 after the stirring. In this fitted
state, a suction operation is performed and a predetermined
amount of the specimen 12 in the cup 11 is distributed.

After the distribution, the nozzle 42 is raised to be removed
from the cup 11 and is moved to a predetermined dispensing
point by the moving arm 43. Then, the specimen 12 is dis-
charged and dispensed into another container, such as a Spitz
tube. In this way, the stirring and aliquoting/dispensing pro-
cesses are completed.

After the end of the stirring process, the pressing piece 41a
of the tilting unit 41 is retracted to restore the cup 11 to the
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upright position, and the transport unit 20 is driven at a pre-
determined timing to deliver the cup 11 downward. When this
is done, another cup 11 having undergone the stirring process
on the upstream side is delivered to the aliquoting/dispensing
unit 40. A plurality of cups 11 are sequentially processed by
repeating these processes.

According to the specimen processing apparatus 10 and
stirring unit 30 of the present embodiment, the stirring pro-
cess can be easily performed accurately merely by rotating
the holder 16 that supports the cup 11. Specifically, the speci-
men 12 can be entirely uniformly stirred merely by rotating
the cup 11 together with the holder 16 immediately before the
aliquoting/dispensing process. According to this method,
compared with a method in which the specimen 12 is agitated
by means of a tool introduced therein or a method by which
the specimen 12 is stirred by being sucked in and discharged,
the specimen 12 can be stirred more thoroughly, so that the
stirring accuracy is improved.

Further, the specimen 12 can be stirred in a non-contact
manner, that is, without direct contact, so that contamination
can be prevented and a high level of hygiene can be achieved.
In the case where the specimen is directly stirred by a stirrer
or other tool introduced into the container, the tool requires
replacement and is awkward to handle. According to the
present embodiment, however, processing can be performed
quickly and efficiently with a simple structure by virtue ofnot
using such a tool.

The present invention is not limited directly to the embodi-
ments described herein, and in carrying out the invention, its
constituent elements may be embodied in modified forms
without departing from the scope or spirit of the invention.
Although a urine sample and cup are given as examples of the
specimen and specimen container, respectively, according to
the embodiments, for example, the invention is also appli-
cable to other specimens and specimen containers.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
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What is claimed is:

1. A stirring device comprising:

a holder which tiltably holds a specimen container accom-
modating a specimen in an upright position;

a rotation mechanism section configured to rotate the
specimen container, thereby stirring the specimen
therein, wherein the rotation mechanism section com-
prises a motor, a roller which is connected to an output
shaft of the motor for rotation and has an outer surface of
a friction material containing a resin, and a turntable
provided on the holder and configured to contact an
outer surface of the roller and rotate following the rota-
tion of the roller, and wherein the specimen container is
a cylindrical cup accommodating the specimen and con-
figured to rotate while holding the cup in an upright
position; and

a tilting unit disposed downstream of the rotation mecha-
nism section, the tilting unit including a pressing piece
that is disposed above the holder and is advanced into
and retreated from a path of the holder to directly press
the specimen container without tilting the holder.

2. A stirring method comprising:

holding with a holder a specimen container accommodat-
ing a specimen in an upright position;

rotating the specimen container with a rotation mechanism
section, thereby stirring the specimen therein;

tilting with a tilting unit the specimen container for a down-
stream processing,

wherein the rotation mechanism section comprises a
motor, a roller which is connected to an output shaft of
the motor for rotation and has an outer surface of a
friction material containing a resin, and a turntable pro-
vided on the holder, wherein the rotating step is prac-
ticed by contacting the turntable with an outer surface of
the roller to rotate the turntable following the rotation of
the roller, wherein the specimen container is a cylindri-
cal cup accommodating the specimen, and wherein the
rotating step is further practiced by rotating the speci-
men cup while holding the cup in an upright position,
and

wherein the tilting step is practiced by advancing and
retreating from a path of the holder a pressing piece of
the tilting unit that is disposed downstream of the rota-
tion mechanism section and above the holder to directly
press the specimen container without tilting the holder.
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